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average alignment of fields with fiber odentatien or  to some combination of 
these factors. 
8:45 
1738-2[ Postsheck Eplcetrdlal Ac~ivatlon Patterns Predict 
Outcome of Attempted Defibrillation 
Robert G. Walker, Bruce H. KenKnight, Gregory P. Walsott, Raymond 
E. Ideker. The University of Alabama at Birmingham, Birmingham, AL 
Recent work has shown that organized ectopic wavefronts arise tram regions 
of myocardium near the apex following attempted near-threshold defibrillation 
(DF) with endocardlal leads. We hypothesized that the epicardlal activation 
patterns (EAP) for these pestshock ectopio beats would differ for failed (F) 
and successful (S) shocks, In 6 dogs the heart was exposed and a 510 
electrode shock with ~4 mm interelestrode spacing was pulled over the 
ventricles and sutured to the AV groove. DF coils were placed in the RV 
apex and SVC. Untpelar epicardlal electrograms IV(t)] were recorded using a 
528-channel cardiac mapping system. Shocks were delivered after 10 sac of 
VF at shock strengths canning the DF range in 100V steps, EAPs following 
the DF shocks were recorded and analyzed by animating the dV/dt. Interbeat 
Intervals (time L~etween successive postsheck ectopic beats) and wavefront 
conduction time (time between the earliest and latest activations of an ectopio 
beat) wore determined for the first 5 postshock beats. Sinus beats were not 
included in the analysis. Mean interbeat intervals were significantly longer 
for S than F for all 5 beats. Mean wavefront conduction time was sign;;tcantly 
charier for S than F for beats 2-5. 
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Conclusion: Postshock ectopic EAPs are similar for the first beat following F
and S shocks, but then become increasingly dissimilar. Prolonged conduction 
time and shorter interbeat intervals, which create overlapping beats on the 
heart, may facilitate reentry and lead to VF. 
9:00 
~ 738-3 ~ Strong Electrical Stimulation Increases Intracellular 
Calcium in Perfused Rabbit Hearts 
Stephen B. Knisiey. University of Alabama, Birmingham, AL 
Studies with isolated cardiac cells have indicated that strong shocks (S) pro- 
duce membrane pores through which calcium (Ca) can enter cells. Increased 
intracellular Ca after defibrillation S, it it occurs in the heart, may be important 
for dysfunction and post-shock arrbythmias. We have mapped intracellular 
Ca-sensitive fluorescence after S in isolated perfused rabbit hearts. Meth- 
ads: Hearts (n = 5) were intracellularly loaded with duo-3 acetoxymethyl ester 
by perfusion at 5-10/~M for 20 mio. A laser beam having a wavelength of 
488 nm scanned 63 recording spots between and 1.1-4.6 mm from mesh S 
electrodes on the antedor ventricutar epicardium. Ruorescence having wave- 
lengths • 515 nm was recorded, The Ca transients increased with heart rata, 
decreased after verapamll administration and resembled transients reported 
by others, Control Ca transients were recorded uring sinus beats before S. 
Truncated exponential S with capacitance of 140/~F, duration of 8 ms and 
leading edge of 100, 150 or 300 V were given. Results: The mean 4- sd 
changes in diastolic Ca 5 sec after S at different distances from S electrodes 
are tabulated as multiples of heights of control Ca transients. Diastolic Ca 
increased significantly after S of 150 and 300 V. The Ca increase was greater 
at 1.1 mm away from S electrodes compared to 2.3-4.6 mm away. 
Leading edge 1,1 mm 2,3 mm 3A mm 4,6 mm 
100V 1.1~1.1 0 .7~0.8  0.3±0,3 0~O 
150V 3.1±3.5" 1.9±2 ~t 1.3±1,3"t I~O.P t 
300V ?.8~4.9" 6.8±3.6 ~ ~4~4.4~ ¢5~3.~ t 
"p < 0.05 vs no change, l"p < 0.05 vs change at 1.1 mm for same S 
Conclusions: 1) Strong S can increase intracellular Ca in rabbit hearts. 2) 
The Ca increase is largest near S electrodes, 
9:15 
~ Intracardla¢ Delibrillation-Strength Shocks Produce 
Large Regions of Hyperpoladzatlon and 
Depolarization 
David M. Clark, Jack M. Rogers. Raymond E. Idsker, Stephen B. Knisley. 
The University of Alabama, Birmingham, AL 
Certain mathematical m~lals predict hat strong shocks (S) produce many 
small regions of hyperpolarization and depolarization i terspersed in the 
myocardium. However, little experimental evidence exists to confirm these 
predictions. The study p~Jrpase was to examine regions of hyperpolarization 
and depolarization during an intracardiac S, Methods: Isolated rabbit hearts 
(11 = 6) were perfused with Tyrode's solution and stained with the voltage- 
sensitive dye, di-4-ANEPPS. Hearts wero paced (st) at a cycle length of 250 
ms at 2x diastolic threshold with a bipolar Ag-AgCI electrode on the lateral 
left ventricular epicardlum. A2 A square-wave shock ($2) with a 20 ms pulse 
width was delivered uring the plateau (Phase 2) of the action potential (AP) 
through two intrecardiao 1.0 ¢m ~tanium electrodes at the right ventricutar 
(RV) apex and right ai,'ium. An optical laser scanner ecorded transmembrane 
potentials at 63 spots of a 1.6 cm × 1.6 cm gdd projected over the anterior le~ 
and dght ventri,Jles. The locations of laser spots that were polarized by • 5% 
of the maximum AP amplitude during the $2 shock were determined. Results: 
There was an increased number of regions hyperpoladzed than depolarized 
(2.0 :~ 039 vs 1.0 ± 0.89, p = 0.012) dudng anodal RV shocks but nat during 
cathodal RV shocks (1.33 4- 0.82 vs 2.17 4- 0.75, p = 0.093). Hyperpolarized 
regions encompassed a larger area than the depolarized regions (1.18 4- 
0.77 cm 2 vs 0.30 ± 0.32 cm 2, p -- 0.028). Conclusion: Detibriflation.strength 
S produce large regions of either polarization. Hyperpoladzation ccurs mo:e 
frequently and occupies a larger area than depolarization. These results are 
contrary to models of transmembrane potential changes during a shook. 
9:30 
~ Regional Capture of Fibrillating Ventricular 
Myecardium With Periodic Anodal Stimulation: How 
Excitable is the Excitable Gap? 
Bruce H. KenKnight 1 , Stephan Windscker, Nipon Chattipakom, Chad 
R. Johnson, Dennis L. Rollins, Will!~:m M. Smith, Raymond F.. Idekor. ~ Cw ;, 
St. Paul, MN: University of Alabama at Birmingham, Birmingham, AL 
Recent work suggests that regional capture (RC) of > 5 cm 2 of f~rillating right 
ventricutar epicardium is produced by rapid, periodic, markedly suprathresh- 
old electrical stimulation (15-25x diastolic pacing threshold). Our objectives 
were to determine ifRC is possible with lower strength .~;limuli (STIM) and to 
characterize the excitability of the excitable gap dunng ventricular fibdllation 
(VF). Unipolar epicardial electrograms IV(t)] were recorded from 504 sites 
oriented in a rectangular grid (21 x 24, 1 mm spacing) surrounding a point 
stimulating e!ecfrede mbedded near the center of a plaque attached to the 
antem-basal RV. Two bursts of 40 STIM wore applied to the stimulating elec- 
trade (0.33 mm din.) about 3 and 10 s after VFwas electrically induced. Each 
STIM strength (lx, 2x, 5x, t0x, 15x, 20x, 30x diastolic threshold) was tested 
in random order in each of five pentobarbital nesthetized pigs (30-35 kg). 
STIM cycle length (CL) was constant for each animal (95% of mean VF CL 
over 60 activation intervals from 3 control episodes). Patterns of epicardial 
activation wore reconstructed by animating dV/dt. Results: Sustained RC 
was observed in 371140 VF episodes. The incidence of RC for each STIM 
strength [lx(0), 2x(4), 5x(8), 10x(7), 15x(7), 20x(5), 30x(6)| seemed to reach 
a plateau for STIM strength ~ 5x. In all 5 animals, RC was observed (1) for 
STIM strength > 5x diastolic pacing threshold and (2) more frequently dudng 
second STIM burst compared to the first burst (30 vs. 7). RC during VF was 
produced by relatively woak periodic anodal STIM. Onset of RC appears 
to depend on temporal confluence of STIM strength, ratio of STIM CL to 
VF CL (0.99 4- 0.08) and spatiotemperal complexity of myocardial activation 
patterns during VF. RC is possible with STIM only 5x • threshold. These data 
suggest hat the excitable gap in VF may be partially but not fully excitable. 
9:45 
Reduced Arrhylhmogenlcity of Blphasic VS. 
Monophasic T Wave Shocks: Implications for 
Defibrillation Efficacy 
Steffen Behrens, CuPan U, Janice L Jonas, Dietrich Andmcen, Michael 
R. Franz. Veterans Adrninistra~on a d Georgetown University Medical 
Centers, Washington, DC 
Background and Methods. Defibrillation energy is known to be ~ower for 
biphasic (Bi) than for monephasic (Mo) shocks. The underlying mechanism, 
however, remains unclear. The upper limit of vulnerability (ULV) hypothesis 
implies lack of initiation of ventricular fibrillation {VF) and suggests a similar 
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cause (lack of VF re-inltlatlon) for the defibdtiat;on th,ashold (DFT). We 
tested these hypotheses by intsrrugatlng ifBi shocks are less able to induce 
VF ti~n Me shocks. Ten isolated Langendo~.perfused rabbft hearts were 
Immersed In a tank flanked by shock electrodes and paced at 500 ms cycle 
lergth. Me and Bi T wave shocks of 5 ms overall duration were applied at 
ratrdomly varied shock strengths and coupling intervals (CI) to determine 
the two~imanslonef "area of vulnerability" (AOV), defined horizontally by 
the shortest and longest VF inducing CI and v¢rUcally by the ULV and the 
lower limit of vulnerability (LLV). The DFT was measured using the delayed 
up-down algorithm. 
Results. A total of 1,576 T wave shoc~ (Me: 788; Bi: 788) ware applied. 
For ai shocks, the ULV was lower (372 4, 62 vs 412 4- 75 V, p = 0.02), the LLV 
higher (228 4- 56 vs 192 4. 38 V, p = 0.04)° and the width of the vulnerable 
period smaller (24.0 4. 13.5 vs 30.0 ± 11.5 ms, p = 0.05), resulting In a 
smaller AOV for BI than for Me shocks (8.9:1:4,2 vs 14.3 4- 6.9 VF inducing 
shocks, p = 0.02). Bi shocks shifted the AOV to longer CI by 12 4. 8 ms (p = 
0,001 ). The DFT was lower for BI shocks (274 .~- 66 vs 353 4- 70V, p < 0.01 )
confirming its higher defibrillation efficacy. 
Conclusions. Bi T wave shocks create a smaller AOV which is shifted 
towat'ds longer C! as compared to Me shocks. These findings suggest that 
Bi shocks exhibit less arrbythmnganeity b  being less able to excite partially 
refractory myocerdium. In keeping with the ULV hypothesis, these findings 
may help explain the different efficacy of Me and Bi defibrillation shocks. 
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8:30 
F7"~ Unsuccessful Defibrillation: Relnltlation or  
Continuation of  Fibrillation? 
Oscar H. Tovar, Janice L Jones. Georgetown Universi~, Washington, D.C.; 
Department of Veterans Affairs Medical Center, Washington, D.C. 
PRCL ~S~,~ PGL ; Ib 
It remains uncertain whether unsuccessful defibrillating shocks defibrillate 
and reinlttate ven~cular fibrillation (VF) or whether VF continues after the 
shock. We tested the hypothesis that unsuccessful defibrillation occurs when 
insufficient extension of refractoriness in at least one region of the heart allows 
fibrillation to continue. VF (111 episodes, unsuccessful = 50, sucocssful = 
61) was induced in 5 isolated, Langendorff perfusod, rabbit hearts. After 
10 sec VF, defibrillation was attempted through 2 epicardiai patches with 
an 8 ms (55% tilt) monophaslc shock of 0.8.-3,2 A. Action potantlals (AP) 
were recorded with a MAP electrode ptacod in a tow current density region 
between the 2 patches. An ECG was recorded simultaneously. We compared 
mean cycle length (5 cycles) previous to the shock (PRCL), during (SCL) 
and postshcck (PCL) in 13 o~t oi 50 episodes of failed defibrillation for 
which the randomly delivered shock coincided with AP phase 0. Cycle length 
was measured from the beginning of the AP to maximal repolarlzation. 
Defibrillation threshold (leo) was 1.6 A. The number of episodes (n) at each 
current Intensity was: 0.8 A (1), 1.2 A (,1), 1.6 A (3), 2 A (4), 2.4 A (1) PRCL 
(97,4 -4- 2 ms), SCL (96.7 4- 3 ms), and PCL (101 4- 2 ms) were similar (by 
ANOVA, p = NS). 
These results confirm that if the defibrillating shock fails to prolong re- 
fractoriness in at least one low voltage gradient region, previous fibrillation 
wavefronts continue in that region and sustain fibrillation, regardless of shock 
intensity. 
8:45 
~ Evaluation of  a • New System for  Transtslephonlc 
interrogation of  Implanlable 
Cardloverter-Oeflbril latom 
Roger A. Winkle, Jonathan J. Langberg, Tom T. Hee, Robert C. Betas(sin, 
Robert G. Hauser on behalf of the Housecall Clinical Investigators. Sequoia 
Hospital, Redwood C i~ CA 
We evaluated a new system for transtelephonic ICD interrogation (Houseoall; 
Ventritex, Inc; Sunnyvale, CA). The receiver is a customized computer. The 
transmitter incorporates atelemetry wand, a status display, and a speaker for 
communicating with the patient, Transmitted ata include real-time measure- 
ments; reel-time and stored electrngrams; detection, therapy, and charge 
history; and programmed IOO settings. Weekly transmissions were sched- 
uled, and patients mode additional transmissions as desired. Accuracy was 
determined by comparing data obtained using Housecell to corresponding 
data from the ICD programmer. Twanty-three patients (66 ± 8 years) were 
enrolled. Transmitters were Io~ted up to 350 miles from receivers, Patients 
had been implanted with Cadence ICDs (52% model V-100, 48% model 
V-110) a mean of 9.1 months before enrollment (range, 1 day to 23.1 me). 
During 4.6 --~ 0.9 weeks, 486 transmissions occurred, which included data 
from 12 spontaneous taohyarrhythmic episodes. All patients were able to 
use the Hotqsecall system, and all data were accurately transmitted. The 
transmitter was operated by the patient in 98.3% of transmissions and by 
a family member in 1.7%. Transtelephonic ICD follow-up could provide a 
means of reducing the incidence of routine and emergency clinic visits, 
more rapidly identifying and characterizing tachyarrhythmic episodes, and 
decreasing patient anxiety. 
9:00 
1-7"39----3-] Syncopes In Patients Wlth Implantsble Cardioverter 
Deflbri l latom 
Die(mar B~nsch, Michael Block, JQrgen Brunn, Max Weber, 
Marco Castrucci, Dirk B0cker, G0nter ereithardt. 
WasffNische-Wi/helms-Unlversity, MOnster, Germany 
Treatment of ventricular lachyarrhythmias with implantable cardioverter de- 
fibrillators does not abolish the risk o~ 3yncopa. However, incidence and risk 
factors of syncope are unknown. This study retrospectively analysed the 
occurrence of syncope in 421 patients with ICDs (follow-up 25 ± 17 months). 
229 patients had recurrent VT and 62 patients suffered syncope. Patian[s 
with low ejection fraction (EF), inducible fast VT (> 200 bpm) or paroxys- 
mal/chronic atrial fibrillation (AF) had a higher risk of syncope than patients 
with high El=, not inducible or with slow VT (< 200 bpm) induced and no 
atrial fibrillation in history. The absence of all three risk factors in 122 patients 
implied a very low dsk of syncope, whereas risk of syncope was high in 123 
patients with at least two risk factors. 
12 24 36 months 
Proportion free of syncope: 90% 85% 80% 
• EF > 40% 93% 88% 88% 
• EF_< 40% 8;~,0 82=/= 7..¢% p = 0.014 
• no VT induced 93% 89% 800 
• slOW VT induced 920 80% 83% 
• fZ.St VTinduced 81% 78% 74% p < 0.011 
• no AF 91% 86% 84% 
• AF 89% 83% 71% n.s. 
• no risk ""~ctor 97% 92% 92% 
• > two risk factors 8,P/= 80% 73% p < 0.002 
The dsk cf syncope is high in ICD-patients within the first year after 
implantation. A iower but still substantial risk to experience first syncope 
remains. Identification of patients with low and high dsk of syncope seems to 
be leasable. Recommendations on restrictions for ICD-patlants hould rather 
be based on individual risk stratification than follow up time alone. 
9:15 
~ H l g h  Incidence of  Appropriate ICD Shocks In 
Patients Presenting ~,~dh Syncope 
Mark S, Link, Xenophon Costeas, Caroline Fools, Munther Homoud, 
Hassan Rastegar, N. A. Mark Estes III, Paul J. Wang. New England Medical 
Center, Boston, MA 
In patients with syncope, structural heart disease, and inducible ventficu- 
lar arrhythmias at efectmphysiolngic studies (EPS), ICD implantation is an 
accepted therapy. However data documenting ~,current arrhylhmias in this 
population is scant. We report on 41 such patients with a mean age of 59 
(± 15) years and a mean EF of 35 (:1:14)%. All patients had structural heart 
disease (29 with CAD and 12 with other cardiomyopathlas). At EPS, 30 pa- 
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